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ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce an operational voltage and a threshold 
current 

of a device by performing mesa-etching to a confinement region to a desired 
shape, after formation of a confinement region containing a layer-like etching 
region consisting of at least one layer as a constituent element. 

SOLUTION: A layer-like etching region, consisting of a p-type GaN/AIGa grade 
layer 8 is interposed between p-type AIGaN clad layers 7 and 9. An Al 
composition of a layer-like etching region is graded by gradually increasing an 
Al composition upward from a p-type GaN layer in contact with a clad layer 7, 
so that it attains a composition of the clad layer 9 adjacent to an upper part. 
Since etching of AIGaN is faster than that of GaN of a lower layer, etching 
rate lowers gradually from an upper part to a lower part, and finally GaN 
functions as an etching stop layer, therefore, mesa stripes 8, 9 having a 
wedge-type foot are formed. An operational voltage and a threshold current of 
the device can be reduced by using a layer-like etching region. 
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mt LxistM^mmmmm.it^ mtmim> 

yyvw^mmmzs: *)nt>toz.z t zimti-z 
rnmiwmnGaNgstmw.. 10 
im?m3 1 miEJfifc^ -/^yymmimm-h^ 

%&mzftt& £ i: zmit ttrnm 2tmcoG a n 

[0001] 

[HBH^S-rSRffi^] *360B<±GaNSMNI#P- 
-fXtiG a N^tr-f r^)G a Nj&%5fcgM£ 

fc^tWlttOXyf-y^t^fflKU iix* 20 

^i-/ fx y+y-y-r&zttzx *)mtj&f>mm>ffi£. 

y?mmMffitzzt££ t ). im&xiro&L^ 
w^xwtftt&gmznztimiz. * ?i-yymt$t 

[0002] 

[&#<*>««] «!*GaN^%jBIStt. GaNWPl 

[0003] *0 lo{i. Sff^iBS[5:^r-rS3tt'- 

GaN^t^frl^-1f^ao^tt|6l±ti:o-C. *-5 
[0004] ft#<0 1 I I - VM^IWl'-fl 

(Burried Hetero) „ CDH (Constricted Double Het 
ero), SBR (Selectively Buried Ridge Waveguide) 50 
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[0005] u>>u G^m^mmmnt^ 

mz^ffl&&'&ff*> 0. ^x-/ hx -y^-y^Srfo d 
fc#6#>Tfflire;&£*:«>, ft* I I I-VMfc£%¥ 
r»tf*Jiy r 4:t-KfcH*i: LX$m&tlX 
Zttmntffiff. GaN^XT-AtZiimiX^j: 

tzlZZt LX H 5>f x y f-y^ L*»fflv Z t ifiX% & 

[0006] K^x-yf-y^arOi. ±i:l/CAStffi 
trS13rifiit:xyf-y^*^tfirr«.. t->tb'7>fx7 

i-yymm^xm^tdt^<rmmt. xwim 
\iznLX9o- ?>n&zftr>. mmzx^xitznxo 

%&Wm&LW$r&t>bh&. GaN3MNSttl^-1f 
$1st&K hmfrbtt^irtzmilj t ti$ i h*yW& 
[0007] 

iwmmm.hi o ts-hwim isu * o tft*^> 

GaN^IB^Sti:. ±t LX F^xyf-y^ffifcfll 

[0008] *l|BHtt±£<^)KS^*J»^-r^< %2ti 
TSi : 5^Kt«l»t5x.yf->'^^rS5:^.v^aiL. G 

mhztzmtLx^t. 
[ooo9]5 ^zxvmmnwttzvm-th^v * 

#m% tth g a Nms£k±.cr&mim<?)&&£'*jmt 

[00 10] 

®^A«IL. 3SpomaRtay>^«^<i:t>l« 
*^^Sffltt<OX yf-y^^*ffi)£^k LT^tft, 

m^atjZ^s^^xyf-y^-rsit 

fci><0Xf>&. 

i o o i i i m l< it. wmw)x.°/i-y7mf?> 

xyf-y^tt. m^^m^tJ: Offense b $ft 
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[0012] mo* o £*m\t. mmm^ti^ 

[0013] 

[&BBtf>ltSfcOJE8g] fiCT\ 0ffi£#jSLT*&BJ!Ofl 

[00 141^1 (a) ^-tGeiN^m^U—m 
Wit. •9-7T'f-\'^Sl^)±{CNmGaNAy7rJi2 
*j8ftLfcft» P-ifgS^iggBTfeSNSAl Ga 
N^77F13, NlGaNM^H14. undop 20 
e-InGaNgffli5MIU 3l£^*0±fc:P 
SGaN3fc<WKJf6iu PlAlGaN?77KI7 
Cl<7)Sie*TJi«*<0GaN^t^«c^- 

[ 0 0 1 5 ] £ £ -C&Jl^J&gkHiSifirG a N3M*«4) 
Xtf^df^^BgftKfflV^SMOCVD (Metal Organi 
c Chemical Vapor Deposition ) ife&^fflSftS. I n 
G aNSffig 5i 0 i«0l^<K9*£ ^G a N3W H 

®4. 6. 3nzmm%ffitf±z<mtftm<7)'m^A 1 g 

aN?5>yKJ13, 7*m*&ZblzX'). f^fn 30 
[0016] 3£fcJI#^iB&£^S3fctW>}Sat 

oxwrn^-wtfimtimbKh. ztizzmt&t: 

x.y^rvx^?rfflv^T. 3i*+iW<lMU: 

-/ ? ) «S-aftT . *?m:XV<r)±MS. 40 

[0017] *%mmw,*. m&vmMmitt 

•fS^-^Xh^TfrPMA 1 GaN?5>yFJ17fc}g 
JfctStSD. ffEAl GaN^5-yKS7<^±(CPS 
GaN/Al GaN/l/-KI8K5rSi«<0X7f 

m&tb&tlfrA. 1 G a N 7 5 ••/ FJI 9 SrJfci Lfc&. 

[0018] 01 (a) fcjjcfiSiSkL j-rmcoBim 
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S. WP*»WI£«!!ttfS*ffl^TPSAl GaNl9<0 

[0019] PlGaN/Al GaN?V— HJf 8ft>6 
%%>Jm<7)^v1'>?Wmt. PSA l GaN^77 H 
J|7i:9*>Hlfc4rtEU ^7-yF«7t:«N-SPSGa 
NJf*»fe±rt&lcA l fflj££&*£it^l/t±SHc:IS&g 
H®9<oa^fc:^r5J:dS^Ox-y^-y^ 

[0020] «E^-FftW4^Ufc3i«»fcff d 

A l fflj£*«iiJirtS#®li3iSrffl^T0StrS J: o fc t 
TfcftV*. P9xtfGaNfcAlGaN*^5:Sj@*&^ 
TStCG a NJIftT*" 5 1 JlOA 1 G a N £ .1 <0g 

[00213 mE««<!0x.yf-y^lSjS(-fcv^T. A l 
GaNJ^DX y^-y^iTSWGaN.tOjiV^-C. ^l^ 
-Fft»tS*lfcJt*«)A 1 GaNa»&T88<DGaN£r6l 

vxd&izxyi-yrmimri. mttzGaNmrn 

±<7)Xv+>7W±MbLXm<fi:#>. 01 <b) fc* 

[0022] 0214. K^x.yf-y^fcJfjWtPSA 
lGaN??yFJ|9l3R£&fcfe. ftSWGaN^ 

fctt» Alj|^££€^&c:fc(c<kDx^y^£3£ 

fcs-tfcfc. *-*rxh7j nmnymrnum 2 ^ 

GaN/A 1 GaN:7V-KJf 8£r^»7T<>. 
[0023] <fcfc. 02tc^ti9tc^-9-xb7-fTO 

mz^xwmtz. m3iz^txoiz. u-^msz 
mm-z>t&<v&.<r)®.m&. wfiL^wrbKom*:- 

V9M&fi5ti:*>* Nfi«I nGaNXI4GaN3&»fe* 
yf-^^Ci »3^-m€r^LfcGaN^^«cW-if 
[0024] ^liO^Stt. 02CD«J:a(CH^-fx>yf- 

^futA 1 GaNm9<?>mmm%mb% t ) . Mttn 

S[7*O>/^fiia(10i:L-CNMGaN$rfflV^^ P 
SA 1 G a N ? 5 / KJ19 i: NSG a N«ffi7*D -y 7^ 
«10i:<O#iii<7)^ttJ4«i«>T^ai^*>^i:^S. 

[0025] S2^mfitt. ^x.-y^tmrntmrnx- 

»>&Zb m2f,z5fff^^v'J9ffymM 
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[0 0 2 6] £*lWfl/C. mw)^v*y?ffi&*& 

NSGaNXtiNSl nGaN*»&&.&«gS:/u>y 
# 1 0 S-^{ci£^-r 5 Z i: 5 . 
[0 0 2 7] tti. V*vhXvi->rmt:m^tll$. 

dfc^vv^T. K^x^y^tdt^TgafrtTit 

[0028] &&KH3£^-rJ:d{c. MNSI nG 
a NX«G a N#»£:5rSS5g:/n -y ?JI 1 0 1 PSA 1 
GaNffl9«D±^tc:. PWGaNtpt>%:&zi>?7 hM 
1 l£MOCVD&£J:9fi!i«U ^±tNi/Au 
;5UiPd/Auj&>£>&S7V-Fttfi§l t7H 
-VS«±t:|^LT^$il^G aNA 7 7rl2(0± 
£T i /Au*»&2r*j&V— 4 ^WJU/t 

— ^M^^r s «i t wx-z h . 

[0029] *m*?>imi. ±§mfc7u y ?m *m 

mmatyj *- Fttiic* * ^ t m * t <> 
[ o o 3 o ] &fc04 . xm&m 2 <dhj&o 

^®tc:o^TilBg-r-6. @4fcL *%BB«0^«0x«yf- 

y^ia^fflv^^x-zhxyf-y^ffi^. 
imztFtmx&h. -9-7r4-fa«io±£Mocv 

Dffifrffl^TNSGaNA.y^rJf 2£Jgj£U 
S^WB^JMWttyf-V^flWk LTNSGaN/A 
lGaN7V-h*«15£j&g-rS. NIGaN/Al 

g a n ^i/- H« 1 5tf>*mfitj£t±m i mifommaz 

[0031] 3l£££N3!AlGaN?7>yKJf3. N 
SGaN3fcff>f KJ14. undope-I nGaNj§fi 
PSGaN3fe#>f PMA lGaN^77 

FJ17. PSGaNriy^Mf l l*>i?>^a^-i^l 

[OO3 2]ifc£04(;^-J::3k. iSGaNS^ 
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it* oEtut^MB^ft^ri.^. fitaffisigi 3 

[0033] «K0«J:a=3:^Xh7^7-<0^«{C. 02 
t^LfcK^Xyf-y^ScSrfflvtftff, *v<omm 

tfmmmtzttLX9o° {cx-y^-y^s^s*:*. a 
[ o o 3 4 ] ta»U & i ^USS^SintJv^Tii^t 

•fm^i^mn^i^^Mizmtsath. tt:. z<ox 
dtzmmv^?98i<o®mLfi:u~ mmt. m$m 

[0035] K^-fx ,i-yyizi&$mm.miz£*)¥& 
Zi-tzxm&m*. *vxvy47<7>m<r>&&&ftiiz 

20 Sit*. ^x-zf-y^S-^x ■/ bftS-fflV^Tff dii: 

Kt>t*tzmmt3\<mzt& z t w<mxs> s . 

[0036] Z<DiZ*bm4 IZyfcfJ: 5 *?&BH<0JH£ 
<OX^f-y^fi«-CftSN®GaN/A 1 GaN^V- 

m-^mmm<7)M±mizx -nm?* ? £ ^tt 

^x-zhx-zf-y^-rSCifctiO. ^-^-tos^ 

[0037] <jtta5 izm~3$*mi(?>m3<r>mi(v& 
«srfflv^wi*^$fi.Tv^. zcmx-imftomtm 

ftt>X>yf-y^$fUiV^GaN*«GaN/A 1 G 

aNru-vmi 6co±mzmvt>tix^&. 

40 [00 38] ^r-f-^afiil^CNSGaNA-y^ 
ril2^^L. 5l^^*ffe^<^NSGaN/A 1 G 
aN^-HSl 6*»^Sa«^)X«/^-y^1i^|g 

zntztis-mienmrni. ktensg 

aN^'>y7rffl2fcBS«-rsa5^-CA 1 m&WWckXb 
0. ±*t|6J{rCA 1 mtrtofcfcx 
y J-y?m<7)fr2 V^G a N fc&S i ^ {Cg|f$itTV^ 

[0039]^OJ:a fc^W^^NSG a N/A 1 G 
aN^P-FJll 6£*}x.vh2.vj-yri-&Ztiz£ 
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^X^Wkfrmm^YvATl NSGaNA' 
-e<^±£)£J|-f£NSGaNJl2a£J:9. * 
[0 04 0] Cl<?5i:§3LX1M6<0«t^a«ifiSC 

[0041] f^C D HMl^— f tfc Wt {±. mE^T- 

<OTSIKc€SS£&'t'3-ftfttf » AiBKlcXMtdii^A 1 
GaN?7>yF3. 7&tfGaN5fc#>f H«4t±S. 

[0042] JM^P-TOfcWttfclSrt-iC DHI<0 
0 5 o 1 6 K^-f «fc -5 =3r. ¥»&ftffi-tIH£ft*:i£*-9- 

ir* h 7 4 y&mwktiz t w&mmffix-h 

0. £^#t^JS^fc^th3ftfc*fl^Jl«<9x 
[0043] &C06{^^#*ffe«»<DSS4<75|tS&tfWB 

afflux? h^y^-y^&i^Mttimt^iix^ 

v?J3 1 7 fc «k 0 X Y 7 A 7WzWfe%tlXm&. %^ 
TV**. 

[ 0 0 4 4 ] "9-7 r-f A'SK 1 tf)±£NMG a N A-y 7 

Mt*5NiGaN/A 1 GaN/l/-Kll 5£jfcg: 
-TS. dCl-CNSGaN/AlGaN^-h*®15 
tt. TSONSGaN;W7r!£l9l&-t£NMGaN 

*»fe±»fc«»T . a 1 im&mMti x 0 kzwmzix 40 

TV**. 3l£^#NMAlGaN?5yKJf3. und 
ope-InGaNStti5, PlAlGaN?77H 
Jf7. PSGaN3^?Ml l^ftfif*. 
[004 5] ^{CmiiPffiGaNnV^^ ha±tClKfc 
jg*»£&*Xh7>f:r#<9Xyf-:^?X?Wh T 
®t^ft^*5%BB<0NSG a N/A 1 G a N^l— KJf 

MG a NA-y 7rl2 (C$8£-t* NSG a N#X ••/ *■> 
?(W?]}cmtLXm<t:lb. BOaJNfSG a N/ A 1 Ga 
N*"V-F»iH6*>l 5t*fJ:afc. 50 
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ft*. 

[0046] .*iftO0BffitCNSA 1 G a N^&S^ 
^O'/^in^ML. .KOidfcLTJgJfcSftfc 

£ft£U PMGaN3y^^hfl<^^Xh7>f7' 
tfCISFLLT. TV-b'^ffifc&SN i/AuXtiPd 
/Au^t-/m. ?f,tNlGaNA* 7 7rl± 

tTi/Au*>^*^y-K«e^tT, -en-eft 

'J 7 h:t7-r »M&**I»54 7fGa 

[0047] Zcr>£ o izLX&&2htll'-*mM.X- 
J±. NSGaN/AlGaN/l/-Pll 5f£h<Z)NS 
A l G a N«sS7*o 7^117 tf>j££#ffi* J it£aSd£ 
i^Sft. £JtGaNjfcU-1fO±gffij£gBfc : Sr*und 
o P e - I n G a NSttJg 5 £fttr3HHKBft»& : fc*M 
SS5fc b?S«iS7*o «y ?m 1 7 i: <0«igt>it *>*»£&* 

nx&mi'-fft&mizbtfx'Z * . 
[0048] zzx^ m^ffwvtnxy-z&jsfr&oiz 

m&ffi&t: m 7 RX/m 8 07 (a) iZ^fXd 

Tm^±jjtzmirx:&x£Aimsjs ! imit&G 

a N/A 1 GaNKWWHIJfflW. TSP<0 
GaNJffcJJSAlGaNS^^rfttfv *1» H2 
&lf^40llSt<^®-CiiBBU^J:at. ±Jia>*>TE 

JktfW&ti*. 37(a) v&mtzZcQXoizLxmjS, 

[004 9] L*>L. Al»£fctt*fcS5fl:U;*'l'- 

V\ T^GaN®i:±aOAl. Gai-, N 

JJitCtt^T A 1 ««0y|\$V*A 1 y Ga 
i-y NM (x>y) frll^lfAUT. 07 (b) <7> 

[0 0 50] ::<?Dfc#08fc3jcf JfAL^rl* 

COAly Gai-, N<?)A11S#JJ(0A1, Gai-, 
Nl (x<y) ^AlffljSJOt^V^-Ctt. 08 

[0051] Wiz*%fflr>*7x.-/ hx.~/1->7<7>Jjfelz 
^TSMtcfiW* . «7X y h x f-y L 

X. NaOH. HF^CO^S^. HPOs MWi. KOH 

TLfrXyl-yr-r&ZbtfXZZW A 1 GaNOJ: 
^^A 1 £iitsm£k?l±x.>v1-yyii®i3*lzmtti>K + 
#&x y f - 0 jfeftWi. iKKco^S «t a 

[ 0 0 5 2 ] 09(C. *%HHc7)Stt^)x yf->-^fg«<?5 
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18(4. GaN££®lSg£$j£U:2«Tj>D. Na 
OH^jgiKl 9 titSftS. 2 0JiESSmirc;fc9. 15 

IE. NaOH^19a>m&5J:5{;:Sil£2*t5. * 
b'-^-^Mtc&oT^/MfcO&S^^ltf 

O0!|g«^fflV^TNaOH}§?Rl 9SrJ§tf-fS. 
[ 0 0 5 3 ] G a N^JgffiS§£Jft£L*:S«C 1 8 Q&L 10 

PSCW§£<7>J:5£. «8Sfc^C*tie^JtWP8 

[00 54] 4fc. x^y^cOHtC. X*-7-£Jfl 
V^T?R§^-rSCli:* s x./f-y^i&Jtfi : $-frS7t«)0 

jW?ifcl/tL*3. 

[0055] £*!>flL SEWRfflS^yf-^O^fc 
£9. x^f-y/ro7r-f^«Httftikfc^r»r 30 
hh. ^ttfa«ox./^y^«iioAifflj£$-^flrr 

^MfcWEIfcU £;WcJ5tTxv?-vXrn:7r-f A* 
[00 56] NSGaNfcPSGaNOi^fc:. 

fflBBfciJV vt . Rft?S PSG a NJ| 1 1 

££<x-y^y^-ts;ii;3:<. ±S?tf)NS?GaNJI2 40 
WW&WWfcx-jrf-y^U PMGaNJf 1 l£SJi} 

[00 57] i> Lm§vftmfr££fflV^ 

jWKWx-rf-y^fcfritf. x- / f-y^f?±^a5A J B 

ht* o . r y ^x f-^>^--y<x >y f-wrass-sjt s 

fcli. PSGaNc^m^SJl^NSGaNatClt^-C^ 
«fe**VVteft. PSGaNUxy^-y^^lfilJlt 

[0058] ^t3*HBBI±±EWHftcOJB®{dS^$^. 50 
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[0059] Hai(C*l6WO«tt<0X.yf-y^iStC. 
[0060] 

[fMH^*] -B£Lfc«k 9 lc*ftffle>G a N SftXS 

MizXtUS. mtzmVt>tUzMtt<KL y1->rmt£it. 
:fiti^<CTli >y iW&imt& i i: t i "9 . 

«USh £^IWittt* ! iSiSai l ^ttCiO. GaN 
3MM^0ttJMMWS*U JBWirtf>GaN?£e§S 

-/f->^-ci±^«riEr&->^fii^Sr^rr s g a n ^ 

[01 1 *f|HH^lollife<^ffittc«S^-9-x-/^y 
ff 5 frtU=£ft£ G a N JMftBfr l/-'9'3at0ttd > 

fif&£^Brffi0. 

[03 ] *mfo&i(rm&mwz&&x."/*>7&. 

ttWBvxfc G a NSMP**l'— f ga<9BnB0. 
[04 ] ^Wl^f^M^V^fSGaN 

a^ftV--f§£a?>BriB0. 

[05] *%BH«x -/ -f-y TJiKStW! C D H 
MG a N jMmHcl^- T^OKSH. 

[06 ] *W»«x*f':/*Wfcfflvxfc«i«&»xh 

v-<rm.G a N^i^ftw— ^a<oBrE0. 

[07 ] *%BH^)x-/-f-y^fSS^fflV^TmL3tXy 

[08] *fffiHWX. y f-y^|g^S:fflV^TmL^ffi^ 
x/^-y^7*o7r-f;^*r0. 

[09] mm^mmt:m^^i-y^m<7)W± 

[010] #3SBB«DX-/-f y^£^^<9ll&6S<0§ 
«ix-/f-yr(cfflv^09^^-tffii0. 

[flr^^liBB] 

2- NSGaNl 
2a-NlGaNl 

3- NSA 1 GaN?77b'l 
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1 1 

4~NMGaN3k#4 h'Jl 

5- 1 nGaNiSttJf 

6- PSGaN3fcXMKJf 

7- PSAlGaN^7-/Fl 

8- PMGaN/A 1 GaNTV-h'S 

9- PlAlGaN^77KI 

1 0-NSGaNX«NMl nGaNa^££®sK:/n 

1 l-P!GaN3y??M 
1 2-N i/AuXliPd/AujK^^ 
1 
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1 2 



1 3 a 

14— Ti Aut 

1 5 - NlGaN/A 1 GaN/U- Kfl! 

1 6-3L<irSNSGaN/Al GaN^U-Fl 

1 7-NSA 1 GaN^^ay^WH 

1 8 - g a nm^mmmjmLtims. 

19- NaOHM 

2 0~ES£«S 

2 1-3-f*WAitS 

2 2-X?-7- 



[Hl] 



[02] 



9-. 
8- 
7- 
6" 

2- 
I- 



N-GaN 



(a) 



^P-AIGeN 

, P-GaN/A I GaN 

,P-AIGaN 

— P-GaN 

-UNDOPE I nGaN 
N-GaN 
:^N-AIGaN 



6 

5~ 



4-- 
3-: 



I — 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] It is characterized by preparing a stratified etching field beforehand, shutting up 
by carrying out wet etching of this, and optimizing the configuration of a field in the equipment which this invention relates to 
GaN system luminescence equipments, such as GaN system semiconductor laser or GaN system light emitting diode, especially 
current and light shut up, and has a field, the above -- providing a stratified etching field -- a low battery -- and while obtaining 
the equipment which operates with low threshold current, when the interface property of GaN system multilayer structure and 
crystallinity which carried out regrowth on the etching field improve, long lasting equipment can be obtained 
[0002] 

[Description of the Prior Art] Conventionally, since GaN system luminescence equipment succeeded in addition of Mg as a P 
type impurity of GaN, ultraviolet or many research and development which aimed at commercialization as the semiconductor 
laser m a visible blue field or light emitting diode have been furthered. However, although the laser operation was seen in the 
limited fixed range, many technical problems which should be conquered are left behind and it has not resulted in 
commercialization yet. 

[0003] One of them is the current of GaN system semiconductor laser equipment and light shutting up, and forming a field, as 
light beam radiation which has a good spherical wave is enabled. In the present condition, since it can only perform that the 
aforementioned laser is very unsymmetrical or emits the beam to which the phase is not equal, the practical laser property is not 
acquired. This has been an important examination technical problem like reduction of ohmic-contact resistance for the 
improvement in a property of the aforementioned GaN system semiconductor laser equipment. 

[0004] In conventional III-V group compound semiconductor laser equipment, after these technical problems ********** the 
multilayer structure containing a barrier layer to a mesa type, they have been attained by using structures, such as the embedding 
stripe geometry which forms an up contact field by regrowth, for example, BH (Burried Hetero), CDH (Constricted Double 
Hetero), SBR (Selectively Buried Ridge Waveguide), etc. 

[0005] However, GaN system compound semiconductor material has an inactive property chemically, and since it is very 
difficult to perform wet etching, there is a problem that technology of most which has been conventionally developed for III-V 
group compound semiconductor laser and light emitting diode cannot transfer to a GaN system. That is, by the GaN system, 
since only dry etching was mainly able to be used for mesa processing, it was remarkably difficult to form the aforementioned 
embeddmg stripe type CDH structure in GaN system semiconductor laser equipment, and to acquire a good laser property. 
[0006] By the dry etching method, etching advances perpendicularly mainly to plane of incidence. Therefore the side of the 
mesa formed using the dry etching method has the angle of 90 degrees to the upper surface of a mesa. The mesa type 
configuration which does not contain the portion of the cross-section structure of the above square shapes to GaN system 
semiconductor laser equipment etc. depending on a use although such a configuration may be desirable where the range expands 
gently-sloping from the upper surface is more desirable. 
[0007] 

[Problem(s) to be Solved by the Invention] As described above, since the formation of mesa type structure whose rate current 
and light shut up conventional GaN system luminescence equipment mainly using the dry etching method, and has a low and the 
cross-section configuration of a square shape was tried, only the equipment with the large threshold current of operating voltage 
and laser luminescence which does not bear practical use was obtained. 

[0008] It aims at reducing the operating voltage and threshold current of these equipments sharply by making this invention that 
the above-mentioned trouble should be solved, finding out the etching method which controls a mesa processing side in the 
optimal configuration for current and light shutting up, and using this control method for processing of the cross-section 
configuration of a mesa stripe by which optimal design was carried out about GaN system luminescence equipment. 
[0009] By applying the etching method which furthermore controls the configuration of a mesa processing side, the number of 
the point defects formed in a GaN system semiconductor front face compared with the former is decreased, and growth of the 
multilayer structure on the GaN system crystal which has a smooth interface is enabled, and it is long lasting and is going to 
obtain equipment excellent in crystallinity. 
[0010] 

[Means for Solving the Problem] At least, it shuts up, and a field is provided, and the GaN system luminescence equipment of 
this invention has and shuts up a desired mesa type configuration by [ of current and the light / any / one ] shutting up, shutting 
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up the account of before the account of before, including as a component the stratified etching field where a field consists of at 
least one layer, and carrying out mesa etching of the field, and forms a field. 

[001 1] Preferably, it is characterized by etching of the etching field of the shape of an aforementioned layer being performed by 
electrochemical process. Moreover, the resistivity of at least one layer which constitutes the etching field of the shape of an 
aforementioned layer is characterized by having a different value from the resistivity of the adjoining layer. 
[0012] this invention can offer the GaN system luminescence equipment which has a good mesa type processing side as 
mentioned above preparing the stratified etching field formed specially and by using together electrochemical etching which can 
control the rate of etching of a mesa processing side to this. Moreover, the GaN system laser equipment which reduced operating 
voltage and threshold current sharply can be constituted by using the etching field of the shape of an aforementioned layer. 
[0013] 

[Embodiments of the Invention] Hereafter, with reference to a drawing, the gestalt of operation of this invention is explained in 
detail. Drawing 1 (a) is the cross section showing the structure in the intermediate-stage story of the iranufacturing process of 
gain guide type GaN system semiconductor laser equipment in the gestalt of operation of the 1st of this invention. 
[0014] After the GaN system semiconductor laser equipment shown in drawing 1 (a) grows the N type GaN buffer layer 2 on the 
sapphire substrate 1, it grows the N type AlGaN clad layer 3 which is the principal part of laser equipment, the N type GaN 
light-guide layer 4, and the undope-InGaN barrier layer 5, and grows the P type GaN light-guide layer 6 and the P type AlGaN 
clad layer 7 on it succeedingly. This stage is formed in the same structure as conventional GaN system semiconductor laser 
equipment and light emitting diode. 

[0015] The MOCVD (Metal Organic Chemical Vapor Deposition) method usually used for epitaxial growth of GaN system 
material is applied to growth of each class here. In the heteroj unction side, eye carrier ****** lengthwise [ to an active region 5 ] 
and eye ******** lengthwise [ to the active region accompanying this ] can be further performed effectively by using the GaN 
light-guide layers 4 and 6 with larger forbidden-band width of face than the InGaN barrier layer 5, and the small AlGaN clad 
layers 3 and 7 of a refractive index with large forbidden-band width of face. 

[0016] In order to enable light beam radiation which has a still better spherical wave, control of the transverse mode of the light 
accompanying lateral eye current ****** and this lateral is needed. In order to realize this, the up clad layer 7 which grew 
usually sufficiently thickly is formed using an etching mask in the shape of [ which has a mesa type cross-section configuration ] 
a mesa stripe, a current constriction (current block) layer is prepared on the side of a mesa, and the structure which supplies 
current from the upper part of a flat mesa is used. 

[0017] After the structure of this invention grows the stratified etching field which consists of a P type GaN/AlGaN grade layer 8 
on the aforementioned AlGaN clad layer 7, and it grows the AlGaN clad layer 9 in forming in the P type AlGaN clad layer 7 the 
mesa stripe which has the aforementioned mesa type cross-section configuration in order to heighten the longitudinal direction 
locked-in effect of light on it further, it is to process the aforementioned mesa stripe. 

[0018] The structure shown in drawing 1 (a) shows the multilayer structure of the GaN system semiconductor laser of this 
invention before mesa type formation. The mask of the field made into the mesa of the P type AlGaN layer 9 using standard 
optical chemical engraving technology is carried out, and mesa etching of the other portions is carried out. 
[0019] The stratified etching field which consists of a P type GaN/AlGaN grade layer 8 intervenes among the P type AlGaN clad 
layers 7 and 9, and it performs grade attachment of aluminum composition of a stratified etching field so that composition of the 
clad layer 9 which increases aluminum composition upward from the P type GaN layer which touches the clad layer 7 gradually, 
and adjoins the upper part may be reached. 

[0020] It is not necessary to necessarily perform the aforementioned grade attachment continuously, and you may make it form 
the etching field of the shape of an aforementioned layer using the multilayer structure which aluminum composition increases in 
the shape of a step. For example, AlGaN of one layer which has a GaN layer in the superlattice which consists of GaN and 
AlGaN, or the lower part can also be used for this purpose. 

[0021] In the etching field of the shape of an aforementioned layer, since etching of AlGaN is quicker than lower layer GaN, in 
order that the rate of etching may fall gradually towards lower GaN from AlGaN of the upper part by which grade attachment 
was carried out and GaN may finally work as a de facto etching halt layer, the mesa stripes 8 and 9 which have wedge type foot 
as shown in drawing 1 (b) are formed. 

[0022] Drawing 2 is drawing showing the cross-section structure of the mesa stripe of the square shape used for conventional 
GaN system semiconductor laser equipment formed in the P type AlGaN clad layer 9 using dry etching. In using dry etching, 
even if it changes the rate of etching by changing aluminum composition, it becomes a square shape and the cross-section 
configuration of mesa stripe geometry does not change, as shown in drawing 2 . Therefore, even if it forms the P type 
GaN/AlGaN grade layer 8 of this invention, the effect which makes the cross-section configuration of a mesa gently-sloping is 
not acquired. 

[0023] Next, as shown in drawing 2 , when the cross-section configuration of a mesa stripe is a square shape, the trouble 
produced in a laser property is explained. As shown in drawing 3 , the next stage for forming laser equipment is growing up the 
field 10 which consists of InGaN of N type, or GaN in order to perform transverse-mode control of a current block and light. At 
this time, two large problems arise with the GaN system semiconductor laser equipment which formed the mesa type by dry 
etching. 

[0024] When the front face of the AlGaN layer 9 where dry cleaning dirty [ of the 1st problem ] was carried out like drawing 2 
turns into ****** for example, N type GaN is used as a current block field 10, the configuration of the interface of the P type 
AlGaN clad layer 9 and the N type GaN current block field 10 will become very inferior, therefore, the high-density defect 
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produced in the interface - low « a leak path [****] is generated and the leakage current of laser equipment is made to increase 

[0025] The 2nd problem is produced from the side of a mesa edge being perpendicular. It is remarkably difficult for the portion 
of the corner of a square shape with the basic component of the mesa edge 9 shown in drawing 2 to carry out crystal growth 
uniformly, and the field which usually includes a high-density defect in the basic component of the aforementioned mesa is 
formed in it. In this field, since the leakage current is very large, sufficient current block is not performed, and since the rate of 
reunion of the poured-in carrier is large, the output of laser luminescence declines sharply. 

[0026] On the other hand, if the structure of the GaN system semiconductor laser of this invention which formed the mesa stripe 
by wet etching is used after forming a stratified etching field, the basic component of a mesa stripe is gently-sloping, and the 
current block field 10 which does not produce the defect in which it is superfluous since it excels in smooth nature, and consists 
of N type GaN or N type InGaN can be grown up easily. 

[0027] Moreover, if the wet etching method is used, since a surface damage will not be received in a dirty side like dry etching, a 
very smooth interface configuration is acquired compared with dry etching. 

[0028] As finally shown in drawing 3 , in the upper part of the current block layer 10 which consists of the aforementioned N 
type InGaN or GaN, and the P type AlGaN layer 9 The anode electrode 12 which grows the contact layer 1 1 which consists of P 
type GaN by the MOCVD method, and consists of nickel/Au or Pd/Au on it, GaN system semiconductor laser equipment can be 
completed by forming the cathode electrode 14 which consists of Ti/Au using a spatter, respectively on the GaN buffer layer 2 
adjoined and formed on the sapphire substrate. 

[0029] The method of this invention is applicable also to the formation of laser which has simple mesa type structure besides 
which uses the above-mentioned current block layer ] embedding CDH type laser. In addition, it is applicable also to different 
laser structure of others which have various mesa configurations from the configuration of the mesa of the square shape obtained 
by the dry etching method. Moreover, it cannot be overemphasized that the same structure is applicable also to GaN system 
quantity brightness light emitting diode. 

[0030] Next, based on drawing 4 , the form of operation of the 2nd of this invention is explained. Drawing 4 is drawing showing 
the cross-section structure of the equipment at the time of using the wet etching method using the stratified etching field of this 
invention for formation of simple mesa stripe type laser. On the sapphire substrate 1, the MOCVD method is used, the N type 
GaN buffer layer 2 is formed, and the N type GaN/AlGaN grade layer 15 is succeedingly grown up as a stratified etching field of 
this invention. The material composition of the N type GaN/AlGaN grade layer 15 is the same as that of what was explained in 
the form of the 1st operation. 

[003 1] The multilayer structure of the laser equipment which consists of the N type AlGaN clad layer 3, the N type GaN 
light-guide layer 4, the undope-InGaN barrier layer 5, the P type GaN light-guide layer 6, a P type AlGaN clad layer 7, and a P 
type GaN contact layer 1 1 succeedingly is grown up by the MOCVD method. 

[0032] Next, as shown in drawing 4 , it becomes possible to obtain laser beam-like luminescence by processing into a mesa 
stripe type the multilayer structure which constitutes the aforementioned GaN system semiconductor laser. Usually, in order to 
protect the side exposed by mesa processing, it covers with mesa stripe type laser using the protection insulator layer 13. 
[0033] If the dry etching method explained by drawing 2 is used for formation of such a mesa stripe, since 90 degrees will 
********** to it to a substrate front face in the side of a mesa, it is thought that an ideal configuration is acquired. 
[0034] However, as explained in the form of the 1st operation, since the side in which mesa processing was carried out by dry 
etching has the large surface damage, the rate of reunion of a leakage current and a pouring carrier in a front face becomes 
remarkably large, and the threshold current of laser luminescence increases it sharply. Moreover, even if it covers with the 
protection insulator layer 13 the laser equipment which the surface leakage current increased in this way, it cannot secure the 
reliability of sufficient equipment. 

[0035] The defect density generated by the surface damage by dry etching serves as the maximum in the basic component of the 
square shape of a mesa stripe, and it becomes difficult to stick the aforementioned protection insulator layer at this portion. In 
order to avoid these problems, it is required to perform mesa etching using the wet method and to make the square shape 
configuration in the basic component of a mesa stripe into the form which lengthens foot gently-sloping. 
[0036] For this reason, as shown in drawing 4 , the N type GaN/AlGaN grade layer 15 which is the stratified etching field of this 
invention is formed in the fundus of a mesa, and forms gently-sloping foot in the fundus of a mesa by preparing and carrying out 
wet etching of the stripe-like mask to the best layer of the multilayer structure which constitutes laser equipment. This 
gently-sloping configuration enables formation of the insulator layer 1 3 with adhesion higher than a mesa fundus, and raises the 
reliability of equipment. Moreover, by reducing a surface recombination center by wet etching, threshold current can obtain low 
power GaN system semiconductor laser equipment small. 

[0037] Next, based on drawing 5 , the form of operation of the 3rd of this invention is explained. The example to which drawing 
5 used the stratified etching field of this invention for the CDH laser with which structure differs from the form of the 1 st 
operation is shown. Unlike the above-mentioned example, in this example, GaN to which it is the hardest to ********** i s 
prepared in the upper part of the GaN/AlGaN grade layer 16. 

[0038] The N type GaN buffer layer 2 is grown up on the sapphire substrate 1, and the stratified etching field which consists of 
an N type GaN/AlGaN grade layer 16 of this invention succeedingly is grown up. At this time, aluminum composition is the 
maximum in the portion which adjoins the aforementioned N type GaN buffer layer 2, aluminum composition decreases towards 
the upper part, and the composition of the KUREDO layer 16 is designed so that it may be set to GaN with the smallest rate of 
etching at the last. 
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[0039] Thus, by carrying out wet etching of the designed N type GaN/AlGaN grade layer 16, the N type stripe 16 of a reverse 
mesa configuration of the cross-section configuration in which the portion of an angle as shown in drawing 5 was rounded off 
can be formed on an N type GaN buffer layer. It is embedded by consisting of curved surfaces with a smooth angle, without the 
mesa stripe 16 of the shape of an aforementioned reverse mesa producing a defect in an interface by N type GaN layer 2a which 
grows on it including a buffer layer 2. 

[0040] At this time, since a reverse mesa does not exist in a periphery, as for the center section of the reverse mesa 16, GaN layer 
2a grows up to be a convex type at a concave. On a ground with such irregularity, the CDH type GaN system semiconductor 
laser which has the heteroj unction interface of the shape of two or more curved surface as shown in drawing 5 can be formed by 
optimizing the flow rate of material gas etc. and growing multilayer structure epitaxially using the MOCVD method. 
[0041] In the type laser aforementioned [ CDH ], the curved-surface group which consists of aforementioned hetero interfaces is 
used. If current is centralized on the crevice of activity 5 from the anode electrode 12 of the re-upper layer through puncturing of 
the shape of a stripe of the insulator layer 13 prepared on the P type GaN contact layer 1 1 Transverse-mode control of a laser 
beam can be performed without the lateral optical locked-in effect by the AlGaN clad 3 and 7 and the GaN light-guide layer 4 
which were formed in the shape of a curved surface occurring, and preparing especially a current block layer. 
[0042] In order to form the CDH type GaN system semiconductor laser which has a good laser luminescence property, it is 
indispensable technology to embed the reverse mesa type mesa stripe surrounded on the smooth curved surface as a cross-section 
configuration shows to 16 of drawing 5 , and the stratified etching field of this invention designed by this portion at the optimal 
configuration can be used. 

[0043] Next, based on drawing 6 , the gestalt of operation of the 4th of this invention is explained. The example in which 
drawing 6 applied the wet etching method of this invention to embedding stripe type laser is shown. Unlike drawing 3 , this 
structure serves as a configuration to which barrier-layer 5 self was limited by the current block layer 17 in the shape of a stripe. 
[0044] The N type GaN buffer layer 2 is grown up on the sapphire substrate 1, and the N type GaN/AlGaN grade layer 15 which 
is the stratified etching field of this invention is grown up on it. The N type GaN/AlGaN grade layer 15 is designed here so that 
aluminum composition may increase from N type GaN which adjoins a lower N type GaN buffer layer towards the upper part. 
The N type AlGaN clad layer 3, the undope-InGaN barrier layer 5, the P type AlGaN clad layer 7, and the P type GaN contact 
layer 1 1 are grown up succeedingly. 

[0045] Next, wet etching is carried out to the N type GaN/AlGaN grade layer 15 of this invention which prepared the etching 
mask of the shape of a stripe which consists of an oxide film on the aforementioned P type GaN contact layer, and was prepared 
in the lower layer. If it does in this way, in order that N type GaN which adjoins the N type GaN buffer layer 2 may work as a 
halt layer of etching, the aforementioned N type GaN/AlGaN grade layer is formed as a mesa stripe with the cross-section 
configuration which lengthens foot gently-sloping, as shown in 15 of drawing 6 . 

[0046] An insulator layer 1 3 is formed in the upper surface of the whole multilayer structure containing the mesa type summit 
section which formed the block layer 17 of the current which becomes the side of a mesa from N type AlGaN, and was formed 
by doing in this way, the portion of a P type GaN contact layer is punctured in the shape of a stripe, and the spatter of nickel/Au 
or Pd/Au used as an anode electrode is carried out. Embedding stripe type GaN system semiconductor laser is completed by 
preparing the cathode electrode which consists of Ti/Au on an N type GaN buffer layer furthermore, and carrying out a lift off, 
respectively. 

[0047] Thus, with the formed laser equipment, since connection with the side-attachment-wall section and the aforementioned 
current block layer 17 which consist of multilayer structure containing the undope-InGaN barrier layer 5 which the growth 
interface of the N type AlGaN current block layer 17 on the N type GaN/AlGaN grade layer 15 is connected smoothly, and 
serves as the main composition section of GaN system laser also becomes smooth, a good laser property can be acquired. 
[0048] The fundamental composition of the etching field of the shape of an aforementioned layer which can be used for forming 
the mesa of various configurations here is shown in drawing 7 and drawing 8 . If a lower GaN layer and a lower up AlGaN layer 
are connected using a being [ it ]-from GaN/AlGaN which aluminum composition increases from the lower part gradually 
towards the upper part grade layer as shown in drawing 7 (a), as the gestalt of the 1 st, the 2nd, and the 4th operation explained, 
the ideal etching profile connected gently-sloping from the upper layer to the lower layer will be obtained. The etching profile of 
the mesa side formed in the right-hand side of drawing 7 (a) by doing in this way is shown. 

[0049] However, the formation of a grade layer which changed aluminum composition gradually is not necessarily easy as 
crystal-growth technology. Then, it is also a practically important method to accept and insert one layer (x>y) of Aly Gal-y N 
layers with small aluminum composition between a lower GaN layer and a upside Alx Gal-x N layer compared with the upper 
layer, and to consider as the etching profile in which a kink is contained somewhat as shown in the right of drawing 7 (b). 
[0050] As shown in drawing 8 at this time, when inserted aluminum composition of Aly Ga 1 -y N of one layer is larger than 
aluminum composition of the upper Alx Gal-x N layer (x<y), an overhang type etching profile as shown in the right of drawing 
8 can also be obtained. 

[0051] Next, the method of the wet etching of this invention is explained in detail. As a solution of wet etching, it is the solution 
of NaOH and HF systems, and HP03. Solutions, such as a solution and KOH, can be used. However, only until can ********** 
the GaN system material which crystallized these etching solutions to some extent. In the mixed crystal containing aluminum like 
AlGaN, although etching progresses slightly, in order to perform sufficient etching, you have to use electrochemical process 
which is described below. 

[0052] The conceptual diagram of the etching system by the electrochemical process of the stratified etching field of this 
invention is shown in drawing 9 . 18 is the substrate in which GaN system multilayer structure was formed, and is dipped in the 
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solution 19 of NaOH. 20 is DC power supply, and the stratified etching field included in the aforementioned GaN system 
multilayer structure is connected for positive and the NaOH solution 19 so that it may become negative. Moreover, the coil-like 
metal electrode 21 is formed along with the side attachment wall of a beaker, and it connects with the negative side of DC power 
supply 20. 22 is a stirrer and stirs the NaOH solution 19 using the rotation magnetic field of a controller established in the 
exterior of a beaker. 

[0053] The front face of portions which are outside the object of etching, such as a supporter of the substrate 18 in which GaN 
system multilayer structure was formed, protects with a wax etc., and it is made for current not to flow. Thus, if bias of the GaN 
system semiconductor is just carried out in an etching solution, a surface atom will oxidize, or a conjugated compound will be 
formed, and it will be eluted in an etching solution. When a GaN system semiconductor is P type, the rate of etching is 
proportional to current. However, in the case of N type, since the reverse bias of the obstruction produced between an etching 
solution and a semiconductor front face will be carried out, simple proportionality is not realized between current like [ in the 
case of P type ]. In order to advance etching to an N type GaN system semiconductor, it is required to let a beaker pass and to 
carry out optical irradiation of bigger energy than the forbidden-band width of face. 

[0054] Moreover, they are the indispensable conditions for using a stirrer in the case of etching and stirring liquid at it advancing 
etching. If an etching reagent is not stirred, since it is covered by the oxidizing zone with a metastable GaN front face, etching 
will stop. 

[0055] In addition, it is also possible to change an etching profile only with aforementioned electrochemical etching. For 
example, if the resistivity of the direction of layer thickness is changed and electrochemical etching is performed instead of 
changing aluminum composition of a stratified etching field, the current density distribution of etching can change in the 
thickness direction, and an etching profile can be changed according to this. 

[0056] Like N type GaN and P type GaN, the difference of resistance of the layer from which a conductivity type differs can also 
be used for electrochemical etching. For example, in stripe type laser structure as shown in drawing 10 , without completely 
**********ing the adjoining P type GaN layer 11, only the upside N type GaN layer 2 can be ********** e d alternatively, and 
the P type GaN layer 1 1 can be exposed. 

[0057] If the usual etching which does not use electrochemical process is performed at this time, detection of an etching halt is 
difficult and cannot avoid the problem of undershirt dirty ** over-etching. However, in electrochemical etching, since it is very 
large compared with an N type GaN layer, the electric resistance of P type GaN can use a P type GaN layer effectively as a halt 
layer of etching. 

[0058] In addition, this invention is not limited to the gestalt of the above-mentioned operation. For example, by other methods, 
the etching configuration which is not acquired can be formed by combining change of composition, and change of resistivity in 
fonning the stratified etching field of this invention. Such a special configuration is applicable to the difficult arbitrary 
components of processing which not necessarily plays the constitutionally important role of not only control of the side 
configuration of the mesa stripe of laser but compound semiconductor equipment. 

[0059] Similarly, the layer from which the layer from which a conductivity type differs, the layer from which resistivity differs, 
and composition differ is constructed to the stratified etching field of this invention, and it is good for it as for a method of 
************* in addition, in the range which does not deviate from the summary of this invention, many things can be boiled, 
and it can deform and carry out 
[0060] 

[Effect of the Invention] As mentioned above, according to the GaN system luminescence equipment of this invention, the 
operating voltage and threshold current of luminescence equipment can be reduced by using the electrochemical etching method 
together with the stratified etching field prepared especially to this. Moreover, by improving the smooth nature of the interface of 
the front face by which dirty was carried out, and the multilayer structure which grew on it, the crystallinity of GaN system 
multilayer structure is improved and long lasting GaN luminescence equipment can be obtained. Moreover, according to this 
invention, the GaN system luminescence equipment which has the impossible structure can consist of conventional etching 
methods. 



[Translation done.] 
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